Stand up paddle boarding (SUP) is a rapidly growing activity where only anecdotal evidence 2 exists for its proposed health and fitness benefits. The purpose of this study was to profile elite 3 and recreational SUP with respect to anthropometric, physiological and musculoskeletal 4 measurements. A total of 30 SUP participants (15 recreational, 15 elite) and 15 sedentary 5 controls participated in this study. Elite and recreational (rec) SUP participants had significantly 6 lower body fat than sedentary (sed) individuals, elite had significantly higher HDL and 7 significantly lower triglycerides than other groups during lipid profiling (P>0.05). There were 8 significant differences (P>0.05) between all groups in maximal oxygen uptake (elite 43.7, s = 9 
Introduction 26
Stand up paddle boarding (SUP) is a new sport and recreational activity, which is increasing in 27 popularity around the world due to its proposed health and fitness benefits and enjoyment 28 (Hammer, 2011) . SUP is a hybrid of surfing and paddling in which participants can either 29 distance paddle and/or surf waves (Walker, Nichols, & Forman, 2010) . Many websites 30
anecdotally advocate the use of SUP to increase strength, fitness, core stability, balance and 31 decrease back pain. However, our recent review of the literature found no scientific evidence to 32 substantiate the proposed benefits. 33
34
Stand up paddle boarding is an activity in which the participant maintains a standing position on 35 a board similar to a surfboard. However, SUP boards are longer in length (~8-15ft, 2.4-4.6m), 36 thicker (4-8in, 10-20cm) and wider (26-31in, 66-78cm) than traditional surfboards. The SUP 37 participant propels the board across the surface of the water by the use of a long, single-bladed 38 paddle. While the standing position is unstable initially, it is continuously disturbed by the 39 motion of the board and the movement of the arms whilst paddling, providing a constant postural 40
challenge. 41 42
Stand up paddle boarding is low impact, making it suitable for all ages. Participants can utilize 43 almost any body of water to either paddle distances or surf waves and it is therefore an ideal 44 aquatic activity. Advantages to SUP include that it is performed whilst standing and that the 45 participant paddles bilaterally, alternating sides when required. It is a dynamic activity primarily 46 utilising the upper limbs with an isometric trunk muscle component. 47
48
As SUP can be performed in a competitive environment, it is assumed that participants would 49 require both aerobic and anaerobic fitness to be successful in distance competition. With a 50
On the subsequent visit to the laboratory, maximal anaerobic power was determined using the 128 same SUP ergometer (KayakPro SUPErgo, USA). Participants were allowed to choose their 129 preferred paddling side on the ergometer to ensure that an indication of their maximal power 130 output could be reached. Participants then paddled maximally for 10 seconds from a stationary 131 start. The maximal power was then determined using specialised software incorporated into the 132 SUP ergometer (eMonitor Pro 2 KayakPro, New Rochelle, NY, USA) which is interfaced with a 133 computer. Other anaerobic power parameters measured included distance covered in 10 seconds 134 and peak speed. A minimum of two days and a maximum of three days were allowed between 135 testing maximal aerobic and anaerobic power. 
Statistical Analysis 160
A one-way analysis of variance was used to compare differences between the groups. Post hoc 161
Tukey analysis was utilised to assess differences between the groups. Alpha was set at P<0.05 a 162
priori. All statistical analyses were completed using the IBM Statistical Package for the Social 163
Sciences (SPSS, Version 20.0) software program. 164
165

Results
166
All three groups (n=45) were equally composed of 10 males and 5 females. Of the elite 167 competitors, six were rated amongst the top ten in the world while other competitors were 168 currently competing in the national competition of SUP in Australia. As seen in Table 1, there  169 were no significant differences between the groups with regards to age, stature or mass. Elite 170 SUP participants were on average, younger than both the recreational (-4.9%) and sedentary 171 groups (-13.8%). The sedentary group possessed the smallest stature with recreational SUP 172 being the tallest compared to both the sedentary (+1.3%) and the elite group (+0.5%). The elite 173 group was also the lightest with less total mass than both the recreational (-0.4%) and sedentary 174 groups (-13.3% 
185
Blood lipid profiling demonstrated no significant differences between groups in total cholesterol, 186 although elites had lower TC than both the recreational (+15.2%) and the sedentary (+15.2%), 187 which is indicative of lower cardiovascular risk. The elite SUP had a significantly ( ml/kg/min and elite female's 37.5, s = 4.2 ml/kg/min. Recreational participants were lower with 209 a mean score for the males 35.3, s = 6.6 ml/kg/min and recreational females 25.2, s = 4.9 210 ml/kg/min while the sedentary males achieved a mean VO2max of 21.9, s = 3.1 ml/kg/min and 211 females 17.4, s = 3.0 ml/kg/min. 212
213
There were no significant differences between groups in regards to respiratory exchange ratio, 214 peak heart rate or peak lactate. The elite group reached 102.7% of their age predicted maximum 215 heart rate (220-age), whilst recreational participant's attained103.9% and sedentary participants 216 98.0% of their age predicted maximum heart rate. The peak aerobic power achieved was 217 significantly higher in the elite group (30.5, s = 6.0W) as compared to the recreational group 218 (P<0.01, +43.7%) and the sedentary group (P<0.01, +188.8%) and also when comparing the 219 recreational to sedentary groups (P<0.01, +101.0%). A significantly greater peak stroke rate 220 (P<0.01, +25.5%), distance covered during the test (P<0.01, +48.5%) and peak aerobic speed 221 (P<0.01, +13.0%) was recorded from the elite group when compared to the recreational group 222 and the sedentary group (P<0.01, +64.7%; P<0.01, 102.7%; P<0.01, +45.3). Significant 223 differences were also observed in peak stroke rate (P<0.01, +31.2%), distance covered (P<0.05, 224 +36.5%) and peak speed achieved during the test (P<0.01, +28.7%) between the recreational and 225 sedentary groups. 226
227
The anaerobic test displayed significant differences between all of the groups in all 228 measurements ( were recorded in the ECML condition for all groups and the greatest 100% square was in the 262 ECAP condition for the elite group and ECML for the recreational and sedentary group. There 263 was a significant increase (P<0.05) in velocity and 100% square for each condition when the 264 subject's eyes were closed as opposed to when they had visual feedback to rely on. 
270
Results for the isometric tests (Figure 3) Although there was a greater average stroke length of the sedentary group when compared to the 345 recreational (+4.46%) and the elite group (+6.85%) in the aerobic test, this does not necessarily 346 reflect a better stroke. It can be seen that the stroke rate achieved by the elite group is 347 significantly higher than the recreational group (+25.5%) and sedentary group (+64.7%) and a 348 shorter more powerful stroke is more beneficial to overall performance as indicated by a much 349 greater power output amongst the elites than the recreational group (+43.7%) and the sedentary 350 group (+188.8%). This higher stroke rate with a shorter stroke distance is related to greater 351 power output, and therefore an increased speed across the water. The inversely proportional 352 relationship found between stroke length and rate is also found in swimming, rowing and 353 outrigging and both of these variables are found to be directly proportional to performance 354 kayaking (223W, (Fry & Morton, 1991) ). The low numbers could be due to the high amount of 360 muscle activity being used for stabilization on a dynamic surface and consequently minimal 361 muscle activity being used for the overall propulsion. Given our findings, particularly the high 362 levels of maximal aerobic and anaerobic capacity amongst its participants, SUP may be useful 363 for cross-training or athletes wishing to avoid impact after minor injury whilst still developing or 364 maintaining aerobic and anaerobic fitness. 365
366
The potential health benefits of SUP should also be considered. Both elite groups and 367 recreational groups had good to very high maximal oxygen consumptions and favourable lipid 368 profiles. For example, over 83% of SUP participants (elite and recreational combined) had total 369 cholesterol levels at target (<5.5mmol/L) and 93% had HDL levels at target (>1.0mmol/L). 370 However participant's diet and activity levels were not assessed and these parameters would 371 have significant influence on lipid profiles. These lipid profiles combined with favourable BMI 372 and elevated aerobic fitness would afford SUP participants with reduced cardiovascular risk, 373 thereby also providing improved health associated with participation. 374
375
The elite group displaying a greatest 100% square in the ECAP condition is most likely due to 376 the lack of exposure to the AP direction and the familiarity ML instability encountered when 377 standing on a SUP. Due to the length of a board, the greatest postural challenge is in the medial 378 lateral direction, possibly explaining why the sedentary and recreational group had the greatest 379 100% square in the medial -lateral condition. Due to exposure to this condition, their postural 380 control may be increased in this direction amongst the elite. 381
382
It can be seen in this study that expertise decreases both the velocity of sway and area indicated 383 by the 100% square during postural challenges amongst SUP athletes. This increased dynamic 384 postural control could be due to specific adaptation due to the sport or alternatively, as Chapman 
